**Core tip:** The expression of DNMT1 was significantly effective for screening precancerous lesions and cancers. DNMT1 could be a potential marker for the diagnosis of gastric cancer and colorectal cancer. At the same time, the fluctuation of its expression may suggest the progression of gastrointestinal diseases, which could be instructive for further examination and treatment.

INTRODUCTION
============

The gastrointestinal (GI) tract plays a principal role in the human digestive system, and nearly all the essential nutrients for the human body are absorbed and digested through the GI tract\[[@B1]\]. As a result of unhealthy diet and deteriorating environment, the incidence of GI diseases has increased rapidly\[[@B2]\]. Both gastric cancer (GC) and colorectal cancer (CRC) are malignant GI diseases that require a progressive development process. Early detection and appropriate treatment are the effective measures to delay the GI tumorigenesis\[[@B3]\]. It is well known that common screening methods for GI cancer include gastroscopy, imaging examination, and biomarker examination. Due to the lack of specificity in the early clinical manifestations of GI cancer, the efficiency of imaging examination is not obvious. Endoscopy also has certain limitations due to the invasiveness and the demanding requirements for endoscopists. In comparison, tumor marker detection has several advantages in screening cancers, such as convenient source, good tolerance, and low cost.

DNMT1 is a crucial member during DNA replication, which could copy DNA methylation patterns from the parental DNA strand to the newly synthesized strand\[[@B4]\]. The incidence of cancer cells depends on specific gene silencing mediated by DNA methylation\[[@B5]\], and the primary function of DNMT1 is maintaining and stabilizing gene methylation\[[@B6]\]. When the aberrantly methylated occurs in the mammalian genome, DNMT1 will be transcribed in the nucleus with the expression gradually enhanced, promoting the advancement of DNA methylation and the procession of tumors\[[@B7]\]. Previously, we illustrated that the expression of DNMT1 was significantly higher in GC tissues than in non-GC tissues by meta-analysis\[[@B8]\]. Simultaneously, several studies have also revealed that DNMT1 was strongly expressed in GC and CRC\[[@B9],[@B10]\], suggesting that DNMT1 could be a potential biomarker in screening of GI cancer.

However, the expression of DNMT1 protein in the dynamic variations of GI carcinogenesis, especially in precancerous lesions, is still unclear. In this study, from the perspective of the evolution process of GI cancer, we measured the protein expression of DNMT1 in different stages of GI diseases (from benign to precancerous to cancerous), investigated its expression characteristics, and further analyzed its clinical application value as a warning biomarker in pre-diagnosis of early GI cancer.

MATERIALS AND METHODS
=====================

Study objective
---------------

A total of 650 patients with different GI diseases diagnosed by histopathology at the Department of Endoscopy and Anorectal Surgery of the First Hospital of China Medical University from August 2012 to December 2017, who had not received preoperative chemotherapy or radiation, were selected. All the pathological diagnoses were made following the updated Sydney Gastritis Classification and World Health Organization Classification of Tumors of the Digestive System\[[@B11],[@B12]\]. Among them, there were 353 cases of different gastric diseases (210 men and 143 women, with an average age of 60.03 years \[range 16-88 years\]), including 90 cases of chronic superficial gastritis (CSG), 72 cases of atrophic gastritis with intestinal metaplasia (AG/GIM), 54 cases of low-grade intraepithelial neoplasia (GLIN), 66 cases of high-grade intraepithelial neoplasia (GHIN), and 71 cases of early gastric cancer (EGC). In addition, 297 cases of colorectal disease were also contained in this study (156 men and 141 women, with a mean age of 58.27 years \[range 20-85 years\]), including 90 cases of normal intestinal mucosa (NIM), 54 cases of intestinal low-grade intraepithelial neoplasia (ILIN), 71 cases of intestinal high-grade intraepithelial neoplasia (IHIN), and 82 cases of early colorectal cancer (ECRC). The study protocol was approved by the Human Ethics Review Committee of the First Hospital of China Medical University. Written informed consent was obtained from each participant.

Immunohistochemical staining and scoring
----------------------------------------

All biopsies were fixed in 10% formalin and embedded in paraffin. After sectioning at 4-micron thickness and mounting on positive-charged glass slides, these specimens were dewaxed by xylene, rehydrated with gradient alcohol, rinsed through tap water, and soaked in phosphate-buffered saline (PBS) solution (PH 7.4) for 10 min. The tissues were treated in boiling citric acid buffer (PH 6.0) for 1.5 min to complete antigen retrieval. Next, each slide was added with 50 μL of peroxidase blocking solution, and incubated at room temperature (25 ± 2 °C) for 20 min before rinsing with PBS solution. Tissue collagen was blocked by the addition of 50 μL of normal goat serum at room temperature for another 20 min. After draining excess liquid, the sections were incubated with primary antibody against DNMT1 (1: 500, Abcam, ab13537, Cambridge, United Kingdom) for 1 h at 37 °C, and rinsed three times with PBS solution. The buffer was then removed from the coverslip, followed by incubation with 50 μL of goat anti-rabbit antibody and 50 μL of streptomyces avidin-peroxidase for 10 min each. Afterwards, 50 μL of fresh DAB (Maixin, Fujian, China) was added per section for 1-1.5 min. Finally, the sections were washed with PBS, counterstained in hematoxylin, blued in running water, dehydrated with gradient alcohol, cleared with xylene, and mounted with neutral gum.

Two independent pathologists who were blinded to the clinicopathologic characteristics of the patients read and scored these immunohistochemical slides with DNMT1-positive expression. A semi-quantitative method was used to evaluate the area and intensity of the staining results. If the scores given by the two pathologists differ by more than one grade, the results would be reconsidered and discussed to determine the final score. The staining intensity of cells from different tissues was scored as 0-3 (I~0-3~): I~0~ (no staining), I~1~ (light yellow), I~2~ (dark yellow), and I~3~ (brown or dark brown). The percentage of positive cells was scored as 0-3 (P~0-3~): P~0~ (0%); P~1~ (\>0 but ≤1/3), P~2~ (\>1/3 but ≤2/3), and P~3~ (\>2/3). On the basis of semiquantitative scoring, the expression of DNMT1 in the nucleus was assessed using the following formula: IS score = In × Pm. Finally, the protein expression of DNMT1 was graded as follows: negative or weakly positive expression (+), 0-1; moderately positive expression (++), 2-4; and strongly positive expression (+++), 5-9.

Statistical analysis
--------------------

Statistical analyses were performed in any two gastric groups and intestinal groups separately, by the rank sum test using SPSS vision 22.0 (IBM SPSS statistics, Armonk, NY, United States) on the basis of DNMT1 positivity, and *P* \< 0.05 was considered statistically significant.

RESULTS
=======

DNMT1 expression in different gastric diseases
----------------------------------------------

The representative photomicrographs of immunohistochemical staining for DNMT1 in different gastric disease are shown in Figure [1](#F1){ref-type="fig"}. DNMT1 was hardly expressed in the CSG group (0/90). The negative or weakly positive expression rates of DNMT1 in the AG/GIM and GLIN groups were separately 55.56% (40/72) and 38.89% (21/54), and the moderately positive expression rates were not very high, being 44.44% (32/72) and 57.41% (31/54), respectively. The strongly positive expression was scarcely in these two groups, with 0.00% (0/72) and 3.70% (2/54), respectively. In the GHIN group, the expression of DNMT1 was mainly moderately-positive, which accounted for 80.30% (53/66). There was still one negative or weakly positive case (1.52%, 1/66), and 12 strongly positive cases (18.18%, 12/66). In the GC group, the number of cases with strongly positive expression was the highest among the five groups (39/71, 54.93%). In addition, this group also had 1 case with negative or weakly positive expression of DNMT1 (1.41%) and 31 cases with moderately positive (43.66%) (Figure [2](#F2){ref-type="fig"}). The differences between any two groups were statistically significant (*P* \< 0.05) (Table [1](#T1){ref-type="table"}).

###### 

Expression of DNMT1 in different gastric diseases

  **Group**   **Cases**   **(+)**   **(++)**   **(+++)**   ***P* value**                
  ----------- ----------- --------- ---------- ----------- --------------- ---- ------- ----------------------------------------------------------------------------
  CSG         90          90        100.00     0           0.00            0    0.00    0.00[a](#T1FN1){ref-type="table-fn"}
  AG/GIM      72          40        55.56      32          44.44           0    0.00    0.044[b](#T1FN2){ref-type="table-fn"},0.00[c](#T1FN3){ref-type="table-fn"}
  GLIN        54          21        38.89      31          57.41           2    3.70    0.00[d](#T1FN4){ref-type="table-fn"}
  GHIN        66          1         1.52       53          80.30           12   18.18   0.00[e](#T1FN5){ref-type="table-fn"}
  EGC         71          1         1.41       31          43.66           39   54.93   

*P*: CSG *vs* other groups;

*P*: AG/GIM *vs* GLIN;

*P*: AG/GIM *vs* GHIN and EGC;

*P*: GLIN *vs* GHIN and EGC;

*P*: GHIN *vs* EGC. CSG: Chronic superficial gastritis; AG/GIM: Atrophic gastritis with intestinal metaplasia; GLIN: Gastric low-grade intraepithelial neoplasia; GHIN: Gastric high-grade intraepithelial neoplasia; EGC: Early gastric cancer.

![Expression of DNMT1 in different gastric diseases (×20). A: Chronic superficial gastritis \[negative expression; score, 0 (+)\]; B: Atrophic gastritis with intestinal metaplasia \[moderately positive expression; score, 2 (++)\]; C: Gastric low-grade intraepithelial neoplasia \[moderately positive expression; score, 4 (++)\]; D: Gastric high-grade intraepithelial neoplasia \[strongly positive expression; score, 6 (+++)\]; E: Early gastric cancer \[strongly positive expression; score, 9 (+++)\].](WJGO-11-1141-g001){#F1}

![Comparison of DNMT1 expression in different gastric disease groups.](WJGO-11-1141-g002){#F2}

DNMT1 expression in different intestinal diseases
-------------------------------------------------

The typical photomicrographs of immunohistochemical staining for DNMT1 in different intestinal diseases are shown in Figure [3](#F3){ref-type="fig"}. The negative or weakly positive expression rates of DNMT1 protein in the NIM and ILIN groups were 91.11% (82/90) and 46.30% (25/54), and the moderately positive rates were 8.9% (8/90) and 53.7% (29/54), respectively. But there were no strongly positive expression in either group. In the IHIN group, the cases with moderately positive expression were predominant, accounting for 71.83% (51/71). The proportions of weakly positive cases and strongly positive cases in this group were almost the same, being 12.68% (9/71) and 15.49% (11/71), respectively. The majority of cases in the ECRC group had strongly positive expression, accounting for 60.98% (50/82), while those with negative or weakly positive expression accounted for 4.88% (4/82). The remaining part was 34.15% (28/82) (Figure [4](#F4){ref-type="fig"}). The differences between any two groups were statistically significant (*P* \< 0.05) (Table [2](#T2){ref-type="table"}).

###### 

Expression DNMT1 in different intestinal diseases

  **Group**   **Cases**   **(+)**   **(++)**   **(+++)**   ***P* value**                
  ----------- ----------- --------- ---------- ----------- --------------- ---- ------- --------------------------------------
  NIM         90          82        91.11      8           8.89            0    0.00    0.00[a](#T2FN1){ref-type="table-fn"}
  ILIN        54          25        46.30      29          53.70           0    0.00    0.00[b](#T2FN2){ref-type="table-fn"}
  IHIN        71          9         12.68      51          71.83           11   15.49   0.00[c](#T2FN3){ref-type="table-fn"}
  ECRC        82          4         4.88       28          34.15           50   60.98   

*P*: NIM *vs* other groups;

*P*: ILIN *vs* other groups;

*P*: IHIN *vs* ECRC. NIM: Normal intestinal mucosa; ILIN: Intestinal low-grade intraepithelial neoplasia; IHIN: Intestinal high-grade intraepithelial neoplasia; ECRC: Early colorectal cancer.

![Expression of DNMT1 in different intestinal diseases (×20). A: Normal intestinal mucosa \[negative expression; score, 0 (+)\]; B: Intestinal low-grade intraepithelial neoplasia \[moderate expression; score, 2 (++)\]; C: Intestinal high-grade intraepithelial neoplasia \[strong expression; score, 6 (+++)\]; D: Early colorectal cancer \[strong expression; score, 9 (+++)\].](WJGO-11-1141-g003){#F3}

![Comparison of DNMT1 expression in different intestinal disease groups.](WJGO-11-1141-g004){#F4}

DISCUSSION
==========

The occurrence of both GC and CRC has a long-term evolving process of "normal-dysplasia-cancer"\[[@B13],[@B14]\]. Accurate identification in early stage of carcinogenesis presents a positive effect on risk intervention and prognostic management\[[@B15]\]. DNA methylation is a kind of pivotal epigenetic modification, which can be apparently altered in precancerous lesions\[[@B16]\]. As a key part in maintaining the process of methylation, the level of DNMT1 expression could be changed to varying degrees in most tumors and even earlier conditions\[[@B17]\]. In this research, we recorded the expression features of DNMT1 protein in different GI diseases, interpreted the dynamic changes of DNMT1 from benign to precancerous to cancer in a full disease chain, and explored its warning role for GI cancer identification.

Considering the evolution of GC, five groups of specimens (including CSG, AG/GIM, GLIN, GHIN, and EGC) were collected to analyze the protein expression of DNMT1 in the present study. In accordance with the results, we could figure out that DNMT1 was hardly expressed in CSG tissues, but its expression was gradually up-regulated in AG/GIM and GLIN tissues, and much higher in the GHIN and EGC groups than in the others. This indicated that the expression level of DNMT1 protein increases with the severity of gastric diseases. Intestinal metaplasia is an important histopathological transformation in atrophic gastritis, which is deemed as a precancerous lesion of GC\[[@B18]\]. Certain abnormalities in tissue structures and physiological functions may turn out in this period. If the interventions can be taken in a timely manner, this situation could be reversed during disease progression\[[@B19]\]. Therefore, the identification of AG/GIM with potential malignant transformation would effectively reduce the possibility of GC. It should be on high alert if DNMT1 has positive expression in order to avoid missing the optimal timing of diagnosis and treatment\[[@B20]\]. Intraepithelial neoplasia (IN), especially high-grade intraepithelial neoplasia (HIN), is a non-invasive intramucosal neoplasia with high cellular and structural atypia, which was defined as carcinoma *in situ* or intramucosal carcinoma in Japan\[[@B21]\]. This study evidenced that the expression of DNMT1 was obviously elevated in the GHIN and EGC groups, testifying that the overexpression of DNMT1 may be an initial event of GC. Our experiments demonstrated that DNMT1 expression had a close relationship with the development of GC, which can be used to monitor the progression of gastric diseases dynamically, and help to distinguish GHIN and GC from benign gastric diseases to some extent.

Studies\[[@B22],[@B23]\] have proved that colon cancer cells cannot survive in the absence of abnormal promoter DNA methylation, and the complete knockdown of DNMT1 would result in the death of a large number of cancer cells. They proposed a strong correlation between DNMT1 and CRC cell viability. We observed the expression of DNMT1 in the NIM, ILIN, IHIN, and ECRC groups. The results showed that the level of DNMT1 protein expression progressively increased with the severity of intestinal lesions. In the NIM group, the positive expression rate of DNMT1 was the lowest. In the ILIN group, there were only weakly or moderately positive cases, and few strongly positive cases. However, when the pathological lesion progressed to the IHIN or ECRC stage, the positive expression rate of DNMT1 was much higher. This trend in intestinal diseases was basically consistent with that in gastric diseases. The precancerous lesions were regarded as the penultimate parts of CRC\[[@B24]\]. Accurate diagnosis, management, and monitoring of the disease at this stage and the adoption of appropriate treatments are very essential to decrease the incidence of cancer\[[@B25]\]. The up-regulation of DNMT1 can usually precede the appearance of DNA methylation\[[@B26]\], which is instructive for estimating the malignancy of precancerous lesions.

The previous classification and assessment of tumors were usually based on the lesion location (like lung cancer, breast cancer, *etc*.) or morphological characteristics (like adenocarcinoma, squamous carcinoma, *etc*.), not reflecting the nature of the disease. Recently, discerning tumors by markers rather than sources has become a theory that more and more scholars advocated, which means the understanding of cancer has risen to a molecular field\[[@B27]\]. In May 2017, the United States Food and Drug Administration approved Keytruda for the treatment of MSI/dMMR solid tumors\[[@B28]\]. This was the first anti-tumor therapy according to genetic biomarker, representing a milestone in cancer treatment. Implementing same or similar diagnosis and follow-up treatment for various tumors based on specific gene targets can provide a new idea for cancer research, and realize the precise medical concept of "diagnose and treat different diseases in same ways"\[[@B29]\]. Changes in genomic DNA methylation status could cause chromosomal instability or abnormal gene expression, leading to tumorigenesis eventually\[[@B30]\]. DNMT1 could be significantly overexpressed in the primary stages of many cancers\[[@B31]-[@B33]\], and thus be utilized as a common marker for most tumors and precancerous lesions. Our study simultaneously detected the expression of DNMT1 in various gastric and colorectal diseases from benign to precancerous to cancer, with a consistent trend observed. It gave a proof that DNMT1 could be a common marker for these two cancers, and the fluctuation of its expression may prompt the progression of GI diseases. The quantity of DNMT1 protein ascended with the aggravation of mucosal lesions, which is of vital importance not only for the early diagnosis of GI cancer, but also for further clinical treatment. Targeted therapy for GI cancer with DNMT1 overexpression would become the future research direction\[[@B34]\].

In summary, this is the first comprehensive study explaining the expression trend of DNMT1 from benign to precancerous to cancer, and discovering the inseparable relationship between DNMT1 overexpression and GI diseases. In cancer or HGIN tissues, DNMT1 is expressed greatly higher than that in non-cancer mucosa or LGIN tissues, which suggests that DNMT1 could discriminate between cancerous tissues and non-cancer tissues, as well as evaluate the extent of precancerous lesions possibly, warning the patients for further examination and treatment. DNMT1 could be used as a potential biomarker for early detection of GI cancer.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

In recent years, the incidence of gastrointestinal (GI) cancer in China has increased annually. Early detection and appropriate therapy are considered to be the key to treating GI cancer. Unfortunately, at present, the early detection rates of gastric cancer (GC) and colorectal cancer (CRC) are both less than 10% of all diagnosed cases on average. Previously, we illustrated that the expression of DNMT1 was significantly higher in GC tissues than in non-GC tissues by meta-analysis. Simultaneously, several studies have also revealed that DNMT1 is strongly expressed in GC and CRC, suggesting that DNMT1 could be a potential biomarker in screening of GI cancer. However, the expression of DNMT1 protein in the dynamic variations of GI carcinogenesis, especially in precancerous lesions, is still unclear.

Research motivation
-------------------

In this study, from the perspective of the evolving process of GI cancer, we measured the expression of DNMT1 protein in different stages of GI diseases (from benign to precancerous to cancerous), investigated its expression characteristics, and further analyzed its clinical application value as a warning biomarker in diagnosis of early GI cancer.

Research objectives
-------------------

Although we only used patient tissues as our samples to detect the dynamic variation of DNMT1 protein expression in different gastrointestinal diseases, we consider DNMT1 may be used as part of a future serological test to assess the severity of patients with gastrointestinal disorders and to prompt them to complete more tests, which could help to discover the disease as soon as possible and take appropriate treatment next step.

Research methods
----------------

A total of 650 patients with different gastrointestinal diseases diagnosed pathologically, who had not received preoperative chemotherapy or radiation, were enrolled in our study. Among them, there were 353 cases of different gastric diseases, including 90 cases of chronic superficial gastritis, 72 cases of atrophic gastritis with intestinal metaplasia (AG/GIM), 54 cases of low-grade intraepithelial neoplasia (GLIN), 66 cases of high-grade intraepithelial neoplasia (GHIN), and 71 cases of early gastric cancer (EGC). In addition, 297 cases of colorectal diseases were also contained in our experiment, including 90 cases of normal intestinal mucosa (NIM), 54 cases of intestinal low-grade intraepithelial neoplasia (ILIN), 71 cases of intestinal high-grade intraepithelial neoplasia (IHIN), and 82 cases of early colorectal cancer (ECRC). Immunohistochemistry (IHC) was used to detect the expression of DNMT1 in these cases. Statistical analysis was performed in any two gastric groups and intestinal groups separately, by rank sum test on the basis of DNMT1 positivity, and *P* \< 0.05 was considered statistically significant.

Research results
----------------

In accordance with the results, we could figure out that DNMT1 was hardly expressed in chronic superficial gastritis tissues, but its expression was gradually up-regulated in atrophic gastritis with intestinal metaplasia and low-grade intraepithelial neoplasia tissues, and much higher in high-grade intraepithelial neoplasia and early gastric cancer. This indicated that the expression level of DNMT1 protein increases with the severity of gastric diseases. In different intestinal diseases, the changes in DNMT1 expression were consistent with the dynamic trend in gastric diseases. In the normal intestinal mucosa group, the positive expression rate of DNMT1 was the lowest. And in the intestinal low-grade intraepithelial neoplasia group, there were many weakly or moderately positive cases, and few strongly positive cases. However, in the high-grade intraepithelial neoplasia or early colorectal cancer stage, the positive expression rate of DNMT1 was much higher. In conclusion, the up-regulation of DNMT1 can usually precede the appearance of DNA methylation, which is instructive for estimating the malignancy of precancerous lesions.

Research conclusions
--------------------

DNMT1 can not only distinguish between normal tissues and cancerous tissues, but also assess the extent of precancerous lesions. With the aggravation of GI mucosal lesions, the expression of DNMT1 is rapidly increasing, which is of great significance for the early diagnosis of GI cancer. DNMT1 is a gene with significantly differential expression in gastrointestinal diseases, and could be used for early diagnosis of GI cancer and guidance of clinical treatment.

Research perspectives
---------------------

The present study suggested that the expression level of DNMT1 in the gastrointestinal mucosa significantly correlates with disease progression, thus being used as an early warning sign of cancer. In the future, the feasibility of serum DNMT1 expression detection as an early warning sign of gastrointestinal risks can be investigated.
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